discarded, the supernatant recentrifuged for 10 min, and the second sediment also discarded. Finally the suspension was centrifuged at 2 C for 1 hr at 3,500 rpm, the supernatant discarded, and the sediment resuspended in 0.05 M phosphate buffer, pH 7.4.
The soluble extract obtained in the preliminary centrifugings described above was clarified by centrifuging at 15,000 rpm for 15 min.
Acetylphosphate was prepared according to Lipmann and Tuttle (1944) and oxalacetic acid by the method of Krampitz and Werkman (1941) . Diphosphopyridine nucleotide, 12 per cent purity, was made by the method of Williamson and Green (1940) . Adenosine triphosphate was obtained as the barium salt from Boots Pure Drug Co., Ltd. Its purity was 92 to 99 per cent as judged by 7 min P, 7 min P/total P and P/N values. Citric acid was estimated according to WeilMalherbe and Bone (1949) . The reaction mixture (3 ml) was diluted with 2 ml of distilled water and deproteinized with 1 ml of 20 per cent (w/v) metaphosphoric acid. After standing 5 min the mixture was filtered and the filtrate heated at 100 C for 5 hr to decompose remaining oxalacetate. Citrate was determined in the cool filtrate. Considerable amounts of endogenous substrates must have been present in preparation A; presumably the oxidation of these compounds provided the energy to activate acetate. This would explain the meager augmentation by adenosine triphosphate of the yield of citrate from acetate and oxalacetate in the presence of preparation A. It also accounts for the fact that acetylphosphate was little more effective than acetate in citrate synthesis. Under the experimental conditions excess oxalacetate with the aid of malic dehydrogenase could act as hydrogen acceptor in the oxidation of endogenous substrates. As required by this hypothesis malic dehydrogenase activity was found both in debris and in soluble extracts. It is noteworthy that generation of energy rich phosphate bonds by the coupled oxido-reduction of oxalacetate and a-ketoglutarate has been observed in animal tissues (Hunter, 1949) . The much lower level of citrate synthesis from oxalacetate and acetate or pyruvate in preparation B may be attributed to a deficiency of some soluble compound essential to the formation of the activated 2-carbon compound. Acetyl-phosphate, which may be converted to the active compound by a different enzymic mechanism, was used efficiently for citrate synthesis by the same preparation. The soluble compound lost may have been the substrate whose oxidation is assumed to have provided energy for activation of the 2-carbon compound in preparation A. As expected on this hypothesis diphosphopyridine nucleotide considerably increased the synthesis of citrate when oxalacetate was the sole added substrate, presumably by accelerating the oxidation of the endogenous material.
Another possible interpretationi of the catalytic effect of diphosphopyridine nucleotide on citrate synthesis is that diphosphopyridine nucleotide plays a part in malate decarboxylation similar to that of triphosphopyridine nucleotide in pigeon liver preparations (Ochoa, Veiga Salles, and Ortiz, 1950) Variations in the amount of soluble components present in debris suspensions could be caused by variation in the efficiency of the washing procedures or in the proportion of uncrushed cells and large fragments. Microscopic examination showed that preparations contained some uncrushed cells, and small differences in the preparation procedure influenced the proportion of readily sedimentable material in the final suspension.
Blank values of citrate. In anaerobic experiments with both debris and extracts about 1 ,umole of citrate was formed from oxalacetate as sole substrate (tables 1 and 3). Control experiments in which heated bacterial preparations were used or in which bacterial preparations were omitted showed that much of the citrate was formed nonenzymatically during incubation (table 2) . Weil-Malherbe and Bone (1949) noted that oxalacetate gave a slight color in their method of citrate analysis and attributed it to contamination of oxalacetate with citrate. This explanation, however, is unlikely because the interference is greatly increased if the oxalacetate solution is allowed to stand at neutral pH and room temperature for 24 hr (table 2), indicating that some product of the spontaneous decomposition of oxalacetate is responsible for the color. The decomposition product is not pyruvate nor malonate since these compounds produce no color even at high concentrations. Without the 5 hr acid treatment routinely carried out before citrate analysis, the citrate arising from oxalacetate in controls was considerably higher, but more prolonged hydrolysis caused no further reduction of the citrate in these controls.
From the data in table 2 it may be seen that in experiments where the colorimetric analysis of citrate is used and where high concentrations of oxalacetate are present in the test solution the citrate in solutions containing oxalacetate and heat inactivated enzyme should be used for the blank value of citrate. This may have been overlooked in previous work where citrate synthesis has sometimes been inferred on the basis of small differences between citrate in the complete system containing oxalacetate and citrate in the system with oxalacetate omitted. when a small synthesis occurred. This suggests the loss of a soluble cofactor, probably coenzyme A, as well as the loss of oxidizable substrates present in the crude extract and responsible for activation of acetate.
Stability of the enzyme system. Debris preparations slowly lost activity when kept in buffer (pH 7.4) at 2 C. After several days the activity was still high, but after 14 days it had practically disappeared (table 1) . Soluble extracts showed a more rapid loss of activity (table 3) .
The effect of streptomycin on citrate formation. Umbreit (1949) and Smith, Oginsky, and Umbreit (1949) have presented data demonstrating an inhibition by streptomycin of the oxygen uptake of sensitive strains of Escherichia coli incubated with oxalacetate and pyruvate. Since the inhibiting effect of streptomycin became pronounced only after the incubation had proceeded for some time, they concluded that its action was upon the terminal oxidation of these substrates and suggested that the oxalacetate-pyruvate condensation might be affected. Oginsky, Smith, and Solotorovsky (1950) found that streptomycin also decreased the oxygen uptake of M. tuberculosis, avian type, incubated with fatty acids, and from the data concluded that the oxidation of breakdown products of the fatty acids was inhibited. Inhibition of the oxalacetate-pyruvate condensation by streptomycin could also explain these observations. Therefore, it was of considerable interest to test this suggested effect of streptomycin with M. phlei by investigating the effect of streptomycin on citrate formation from oxalacetate and other substrates. In numerous experiments with both cell debris and extracts from M. phlei citrate synthesis proceeded unaffected by streptomycin, even at concentrations of the latter considerably higher than those required to inhibit growth completely (1.2 j,g per ml of nutrient broth). Typical results are given in table 4.
Since the experiments of Umbreit and coworkers were carried out under aerobic conditions, the effect of streptomycin on citrate synthesis was tested with debris of M. phlei shaken in Warburg apparatus with air as gas phase. Diphosphopyridine nucleotide and methylene blue were added to increase oxygen consumption. The results of table 5 indicate that under these conditions, too, streptomycin failed to inhibit citrate formation.
It may be seen from table 5 that citrate accumulated aerobically when oxalacetate was the only substrate. As some citrate is probably removed by oxidation under these conditions, aerobic citrate formation with these reactants may be faster than the anaerobic synthesis reported in table 3.
DISCUSSION
Suspensions of cell debris prepared from M. phlei form citrate from oxalacetate and acetylphosphate, and with some preparations, from oxalacetate and acetate or pyruvate. Soluble extracts of acetone powders of M. phlei catalyzed citrate synthesis from added oxalacetate; the synthesis was increased by addition of acetylphosphate but not by acetate or pyruvate presumably because the latter were already present. After dialysis these extracts showed diminished citrate synthesis from oxalacetate and acetylphosphate, and citrate was no longer formed when oxalacetate was added alone.
Assuming that the formation of citrate from oxalacetate and other substrates proceeds in the manner formulated by Stern and Ochoa (1951) , all the debris preparations and the undialyzed extracts contained coenzyme A since they were all capable of forming citrate from oxalacetate and acetylphosphate. The poor citrate synthesis by dialyzed extracts was no doubt due to loss of coenzyme A.
With these preparations addition of magnesium salts or of cysteine as practised by Stern and Ochoa (1951) did not increase citrate synthesis. Although Stern and Ochoa (1951) found that magnesium ions increased citrate synthesis by soluble enzymes, addition of magnesium to debris suspensions caused a slight inhibition of citrate synthesis. This may have been due to the presence in the debris of optimal amounts of magesium ions. Cysteine partially inhibited citrate synthesis by M. phlei probably due to rapid degradation of cysteine by the preparations under anaerobic conditions. Under the anaerobic conditions employed the conversion of coenzyme A to its inactive oxidized form would be minimized.
The formation of citrate at a rate comparable with that of other metabolic reactions in M. phlei suggests that the condensation reaction plays an important part in the metabolism of this organism and probably in that of other mycobacteria. If the oxidation of citrate is affected by the Krebs cycle reactions, as seems to be the case (Geronimus et al., 1949; Faine et al., 1951) 
